SUMMARY: Epibenthic communites have been investigated at 55 stations in the Magellan region by underwater photography at water depths between 15 and 430m. Five species assemblages were identified of which the two shallow and the two deep ones in the channel system differed considerably in abundance, number of taxa, diversity and species composition. The dominant systematic group of the shallow assemblages were ascidians. In one of these assemblages decapod crustaceans, in the other mainly sessile suspension feeders e.g. sponges, anthozoans and bryozoans were the characteristic taxa. In the deeper assemblages echinoderms were most abundant. The fifth assemblage, consisting of several offshore stations south of the eastern entrance of the Beagle, was more similar to the shallow stations in the channel system in terms of dominant life forms. Various hypotheses were confirmed or rejected: The benthos at the deeper stations in the channel system was not more homogeneous than at the shallow stations. At both the channel and the offshore stations filter feeders were most dominant whereas at the bottom of the channels deposit feeders were more abundant. Differences between the wide Straits of Magellan and the narrow and steep Beagle Channel were not very distinct. The benthic assemblages inside the channel system did not differ considerably from the assemblage outside the channel system with the exception of the stations close to the continental slope of the Atlantic. Differences due to Pacific or Atlantic influences were not recognisable. The biological patterns could best be explained by the environmental parameters water depth, occurrence of soft sediment and biogenic debris.
INTRODUCTION
The objective of this study was a faunistic-ecological survey of the mega-epibenthos in deeper waters of the Straits of Magellan, the Beagle Channel, and the channel system southeast of Tierra del Fuego. Contrary to a number of shallow-water (<15 m) studies of a primarily ecological character (e.g., Ojeda and Santelices, 1984; Dayton, 1985; Castilla, 1985) most former benthic investigations in this area centred around either taxonomic questions (e.g., Retamal, 1973; 1974; Jaramillo, 1981; Moyano, 1992; Sarà, 1992) or focused on single economically interesting species (e.g., Guzmán et al., 1987; Vinuesa et al., 1989; Vinuesa, 1991) . In contrast, in this investigation we tried to consider the mega-epibenthos as a whole. Thus the results can contribute to understanding whether certain ecological paradigms can, or cannot, be confirmed for this area. They can also serve as a baseline for a comprehensive coastal management including aspects of nature conservation, much more so since this study was embedded in the "Joint 'Victor Hensen' Magellan Campaign", in which many different compartments of the ecosystem were investigated with similar objectives.
With this backgound in mind sampling sites with different characteristics were chosen in order to check the following ecological hypotheses:
• In shallow areas the benthos is more heterogeneous due to strongly varying environmental factors than in deeper areas, where the environment is supposed to be more stable.
• At slopes inside the channel system and offshore as well as in shallow waters close to the coast, filter feeders are supported by the environmental conditions, e.g. horizontal transport of particulate organic matter, whereas at the bottom of the channels sediment feeders are favoured due to a higher amount of deposited detritus.
• The benthos of the wide Straits of Magellan is significantly different compared with the benthic communities in the narrow and steep Beagle Channel.
• The benthos inside the channel system differs from that which is more exposed to the open oceans because the (partly deep) channel system is separated from the continental coast by shallow sills.
• The influence of either Pacific or Atlantic faunal elements is recognizable in different parts of the investigation area.
The following aspects were analyzed in detail: 1. Identification and quantification of all megaepibenthic organisms as accurately as possible.
2. Classification of different benthic communities according to available physical (environmental) parameters which may explain the biological pattern. 3. Characterization of species assemblages in terms of abundance and composition of the taxa, key species, and their biodiversity.
Due to this approach underwater photography was used because it provides quantitative data mainly for sessile animals. It covers sampling sites of sufficient extension even for the large, and therefore less abundant, taxa. In addition the biological results from different sites are directly comparable because sampling is not biased by sediment characteristics.
MATERIAL AND METHODS

Field work
The investigation was carried out during the "Joint 'Victor Hensen' Magellan Campaign" during austral summer 1994 and during the expedition ANT XIII/4 with R/V "Polarstern" in May 1996. A 70 mm underwater camera (Hasselblad 500EL/M with two Metz Mecablitz 40 CT4 flashes) was deployed at 55 stations at water depths between 15 and 430m ( Fig.  1 ; Table 1 ); for exact position of stations cf. Table 13 (Annex) in and Arntz et al. 921  A  C  F  110A  964  B  D  1078  110B  1163  890  E  1079  112A  1167  917  1125  1985  112B  1193  927  1311  113A  1208  951  113B  1224  957  116A  959  116B  968  1177  1205  1217  1219  1276  1293  1299  1312   1229  880  879  1106  1239  1285  1090  1243  1284  1285 (1997). The camera was triggered at a constant distance above the seafloor. The optical resolution was 0.3 mm using a Kodak Ektachrome 64 film. The size of the area vertically photographed (0.9 m 2 +/-3% per frame) was calculated by reference to two stations where the trigger weight was photographed and served as a spatial scale. The photographs from the original sampling sites 1030, 1035, 1041, 1057, and 1058 were recombined to a total of six stations (A-F) according to water depth along a transect starting inside the Seno Garibaldi at 70m, crossing two sills at approx. 15m and 190m depth, and ending in the centre of the Beagle Channel at 370m water depth (Fig. 2) . The offshore sites sampled during the expedition ANT XIII/4 (original stations 110, 112, 113, and 116) were split into four pairs of pseudo-replicates (total of eight stations: 110A, 110B, ..., 116A, 116B). From 30 stations 40 photographs each, and from another 15 stations slightly less photographs (35-39 each), were used for the community analysis and diversity study. The 1753 photographs represent an area of 1577.7 m 2 of seafloor. The community structure at an additional 10 stations with clearly less than 40 photographs or with photographs of low quality, e.g. due to much suspended matter in the water column, was classified on the basis of key taxa determined beforehand for the material analyzed in more detail.
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FIG. 1. -Station map. In the lower part stations are aligned (from left to right) along a transect starting at the northern part of Paso Ancho (Straits of Magellan) through the channel system east of Tierra del Fuego into the Beagle Channel and further east to the offshore stations south of the eastern mouth of the Beagle. Symbols represent different clusters according to cluster analysis. Open symbols indicate stations classified only by key taxa.
Identification and counting
Identification was supported by experts: S. Cornejo, C. Dahm, C. Jara, H. I. Moyano, E. Mutschke, M. Pansini, C. Ríos, I. S. Wehrtmann. The "taxon" Synascidian(s) does not refer to the systematic classification, it describes a life form which occurs in different families of ascidians which also include solitary species.
With few exceptions all photographed organisms >0.5cm were counted. Small encrusting forms were not considered. For most bryozoans, all algae, and the taxon Polychaeta sp. 2 the cover of the seafloor was determined in percent to obtain a value roughly equivalent to the abundances of other taxa. For other colonial taxa, e.g. hydrozoans and synascidians, the colonies were counted as one individual. These values were treated in further calculations as true abundances in order not to exclude any life forms only due to the fact that single organisms cannot be counted. Infaunal species were considered when part of their body was visible. Abundances were standardized as numbers per 10m 2 .
Community analysis and key taxa
Taxa which occurred at less than three stations were not considered because the common presence of two extremely rare taxa -which is due to chancewould lead to an erroneous high similarity between the taxon clusters. Only organisms identified to the species or genus level were analyzed. Double square root transformation was used (45 stations, 125 taxa) because, in combination with the Bray-Curtis index (Bray and Curtis, 1957) , the similarity coefficient is invariant to a scale change (Field et al., 1982) . The results for the stations are shown in a Multidimensional Scaling (MDS) plot (Fig. 3) as a method of ordination (Field et al., 1982) which shows the similarities of all stations to each other on a two-dimensional scale. The result from the classification by a cluster analysis were superimposed in the MDS. The order and grouping of the taxa resulting from the cluster analysis (dendrogram) was used for their arrangement in the community table (Table 2) .
Key taxa which served as discriminators for the classification of stations were determined by a modified Bray-Curtis index (Clarke, 1993) . Good discriminators perform a high contribution to the average dissimilarity between each station cluster and all other stations (d i ) and a high quotient between d i and its standard deviation (SD). 
Diversity
The calculations were based on all organisms identified to the genus and/or species level including rare taxa. The Shannon index (using log e ; Shannon and Weaver, 1964) was calculated separately for each station (alpha diversity) and in addition, for the complete set of data of each cluster (overall diversity). High values indicate a combination of many species and an even distribution of the specimens over the species. The evenness was determined by the Pielou index (Pielou, 1977) which is independent from the number of taxa. Values close to the maximum of 1 show uniform abundances of the taxa. The values for the station groups, which result from cluster analysis, were compared by a Wilcoxon test (2-tailed, p<0.05).
Relationship between physical and biological data (after Clarke and Ainsworth, 1993)
Six physical parameters were used for the BIOENV analysis: water depth, abundance of photographs with more than 5% cover of the sediment by phytodetritus, with soft sediment surface (no structure indicating sandy sediment recognizable on * Taxa for which no abundances but the cover of the sediment surface was determined are indicated by (%) after the name of the taxon.
the photographs), with sand and gravel (sandy structure with grain size < 1cm diameter visible), with more than 10 stones (>1cm diameter), and with more than 5% cover of the sediment by biogenic debris. None of these parameters were correlated when tested by pairs (p<0.05, r<0.65). Corresponding to the biological similarity matrix between stations (see above) the data set for the physical factors was calculated by the Euclidean distance. Finally, the Spearman rank correlation was calculated between these similarity matrices. Concerning the physical data the calculation was performed for the single parameters and for all their possible combinations.
RESULTS
A total of 121,202 megabenthic specimens were counted on 1753 underwater photographs from 45 stations. This includes values of the percent cover of the sea-floor by taxa which could not be counted (e.g. bryozoans and algae). A total of 226 taxa were separated. For an additional 10 stations a classification of the species assemblages was possible based on the occurrence of firstly calculated key taxa. Total average abundances, presences with reference to all 45 stations analyzed in detail, and abundances per station cluster are given in Table 2 . In Table 2a the stations and taxa are ordered according to the result of the cluster analysis. The 82 taxa listed in Table 2b were additionally used for the diversity calculations but not in the cluster analysis or MDS. Table 1c contains 21 taxa of a coarse identification level. All species not shown in Fig. 4 , but mentioned in the text and in Table 3 (key species), which were not determined, are briefly described in the annex. Due to technical reasons during the analysis the names of a few undetermined species are not consecutively numbered.
Abundances and presences
Highest abundances per station were found for Ascidiacea sp. Clarke, 1993 
Community analysis and key taxa
The stations were grouped into five clusters at a similarity level of 4%: "shallow, north and east (SNE)", "shallow (S)", "deep 1 (DE 1)", "deep 2 (DE 2)", and "offshore (OS)". This grouping could also be recognized in the MDS plot (Fig. 3) . For the taxa 13 clusters were created at the 0% similarity level. Taxa and stations were ordered in Table 2a according to these results. In Fig. 4 , some examples are presented for the various clusters and key species.
In station cluster SNE, synascidians were most common followed by crustaceans (Fig. 5a ), to which both best discriminator species, Peltarion spinosulum and Munida subrugosa belonged (Table 3 ). The latter species reached even higher abundances at a few stations of cluster S, however, it was much more evenly distributed in cluster SNE. On a coarse taxonomic level these two clusters have a similar composition although in cluster S the solitary and in cluster SNE the compound ascidians were dominant. On the other hand the key taxa of cluster S differed totally: one sponge (?), one anthozoan, one bryozoan, and the asteroid Cosmasterias lurida. The average abundances were less than half in cluster SNE compared with cluster S which included one extremely high value of 10,650/10m 2 (Fig. 6 ). The two deep clusters, DE 1 and DE 2 were dominated by echinoderms with a considerable percentage of holothurians in cluster DE 1 and of echinoids in cluster DE 2. For DE 1 three taxa from three different classes of echinoderms turned out to be the best key taxa: Ophiuroglypha lymani (Ophiuroidea), Dendrochirotida sp. 1 (Holothuroidea), and Trypilaster spp. (Echinoidea), which was also the only key taxon for cluster DE 2. In terms of total abundance cluster DE 1 was comparable to cluster SNE, and cluster DE 2 was the poorest. In cluster OS the dominant groups were most evenly distributed: synascidians, Ascidiacea, Polychaeta, Bivalvia, Porifera, and Bryozoa. For this cluster the highest number of good key taxa which belonged to a variety of systematic groups were calculated: Algae/Bryozoa sp. 1, Bryozoa sp. 28 , Celleporinidae sp. 4, Reteporella magellensis (both Bryozoa), Polyplacophora sp. 1, Ascidiacea sp. 8, and synascidian sp. 6. The median for the abundance was similar to that of cluster S. 
Diversity
The number of taxa (only those of a fine determination level considered, see Table 2a and 2b) was highest for the stations of cluster S and OS with a maximum of 63 taxa at stn 1299 (Fig. 6) . Cluster DE 1 performed the widest range (14-57) in this parameter. The other clusters, SNE and DE 2 had less than 25 and 10 taxa per station, respectively. A Kruskal-Wallis test (p<0.05, 2-tailed) showed that the numbers of taxa did not belong to one statistical population. Highest diversity values (Shannon index) were calculated also for the clusters S, DE 1, and OS of which again cluster DE 1 had the widest range from 0.07 to 2.63. The medians for the two other clusters, SNE and DE 2 were between 1.2 and 1.5, which led to significant differences between the clusters. The evenness values did not differ significantly from each other, however, the highest value was reached by cluster DE 2 which was poorest in abundance, number of taxa and diversity.
Relationship between physical and biological data
The relative abundance of photographs with the sediment characteristics for the five clusters is shown in Fig. 5b . The relationship between the biological pattern and these physical parameters together with water depth showed the highest correlation coefficient (0.56) when the combination of depth, soft sediment, and debris was considered (Table 3) . The same calculation for single physical parameters led to correlation coefficients ≤ 0.51. Clarke and Ainsworth, 1993) . Highest rank-correlation coefficients (r) are listed for relationships between megabenthic distribution and one combination of environmental factors, and single environmental factors indicated by X. 
DISCUSSION
The faunistic and ecological results yielded clear differences in the structure of the mega-epibenthos for the area of investigation. This was obvious for the number and composition of taxa and life forms, e.g. feeding types, their abundance, and diversity. Despite these differences between single stations, the benthos exhibited rather a continuum between different species assemblages than distinct communities which therefore could be classified only with difficulties. As a consequence the hypotheses put forward in the introduction could only be confirmed or rejected based on trends:
The hypothesis that the shallower benthos (clusters SNE and S) is more heterogenous than the deeper benthos (clusters DE 1 and DE 2) was not confirmed. For both depth ranges two separate clusters were calculated. If in terms of dominant taxa the shallow stations would differ more from each other than the deeper stations, we would expect a relatively low alpha and a high overall diversity for the shallow stations and similar values for alpha and overall diversity for the deeper stations. Our results showed, however, at each depth level one cluster with an overall diversity being close to the average of the alpha diversity (clusters SNE and DE 1) and one cluster with a slightly higher overall than alpha diversity (clusters S and DE 2). Also the deeper clusters differed considerably in most of the above mentioned structural characteristics. However, there are indications for a more heterogenous benthos in the shallower areas. Firstly, the abundances of the shallow stations showed a broader range than those of the deeper clusters. Secondly, the key species of the clusters SNE and S differed significantly. The benthic assemblage of cluster SNE was characterized by two reptant decapod custaceans: the brachyuran Peltarion spinosulum and the anomuran Munida subrugosa whereas for cluster S one sponge, one anthozoan, one bryozoan, and the asteroid Cosmasterias lurida were calculated to be the best discriminating taxa. For cluster DE 2 only one key taxon, the sea urchins Trypilaster spp. were found, which belonged also to the key taxa of cluster DE 1, where in addition two more echinoderms were determined as key taxa: Ophiuroglypha lymani and Dendrochirodida sp. 1. From this we conclude that cluster DE 2 represented an extremely impoverished fauna of the DE 1 assemblage. Also in the environmental factors some differences within both depth ranges were obvious. The heterogeneity in shallow waters might be the effect of complex environmental processes which led to a more than twofold higher value for sand/gravel in cluster S than in cluster SNE. The sediments in the deeper clusters differed in the absence of debris and presence of stones in DE 1 and reverse conditions in DE 2. At a few stations in the Paso Ancho investigated by Lorenti and Mariani (1997) the isopod fauna exhibited extreme variations between stations with similar water depths which confirms our general result of a certain heterogeneity independent from water depth.
Stations close to the coast and at slopes represented either by shallow stations in the channel system (clusters S and SNE) or by the offshore stations close to the continental shelf break (cluster OS), and stations at the bottom of the channels (clusters DE 1 and DE 2) differed considerably. The fauna of the entire depth range between 15 and 430 m was numerically dominated by filter feeders, mainly by ascidians inside the channel system and, in addition, sponges, polychaetes and bivalves at the offshore stations. Also crustaceans belonged to the most abundant taxa in cluster S, of which one, Munida subrugosa occurred with a relatively high presence also in cluster OS. At the bottom of the channels (clusters DE 1 and DE 2) deposit feeders and omnivorous echinoderms were dominant. One exception concerning dominance and the role as a key taxon is the filter-feeder Dendrochirotida sp. 1, which lives partly infaunally. Also in other regions, e.g. the high Antarctic shelf, such holothurians belong to benthic communities with a poor sessile fauna (Gutt, 1991a; 1991b) . Another exception were anthozoans which were relatively more abundant in both deeper clusters than in shallow or offshore areas. Also the sediment characteristics of the offshore cluster OS were more similar to the two shallow (slope) clusters despite the clear difference in water depth. Here the almost total lack of soft sediment and deposited phytodetritus indicates an even higher current velocity than inside the channel system from which the suspension feeders profit most. The amount of phytodetritus may also have been influenced by the different times when the photographs were taken (early summer and autumn, respectively). These results, showing a coarser sediment in the northern Straits of Magellan and the eastern entrance of the Beagle Channel, are in accordance with Brambati et al. (1991) and Colizza (1991) . At the bottom of the channel system, in both deeper clusters DE 1 and DE 2, the high abundance of soft sediment and deposited phytodetritus indicates a low current velocity at these stations. Differences in current velocity might also be the reason why based on a statistical comparison the benthic structure could be best explained by the combination of the environmental parameters water depth, soft sediment, and biogenic debris. Also Mariani et al. (1996) conclude from their results on polychaetes and isopods in the Straits of Magellan that at a medium spatial scale different environmental situations create a "diversified mosaic of biotopes".
There were only partly differences between the benthos of the narrow Beagle Channel and the wide Straits of Magellan at least on the level of distinction referred to in this paper. In the Beagle Channel we found two assemblages (S and DE 1) which occurred also in the rest of the area of investigation, especially in the Straits of Magellan. The very poor deep cluster (DE 2) was restricted to the Beagle Channel. Two reasons can be assumed for the impoverished epifauna in this cluster: the effect of glaciers with a high input of inorganic particles, and general characteristics at the bottom of such troughs such as a low current velocity, with the consequence of high sedimentation rates of particulate organic matter leading to a dominance of soft sediments. Another hint for the relevance of glaciers for the epibenthos are the two stations directly in front of the Francia glacier which belonged to the poor cluster DE 2 although they were fairly shallow, approx. 100m. In the narrow and steep Beagle Channel such water depths belong to the slope where in areas without glaciers we found the richest assemblages. A peculiarity of the narrow Beagle Channel was the assemblage of cluster SNE which did not occur in the Straits of Magellan. However, what has been described above as a continuum of different benthic assemblages is here also visible: the dominant higher taxa of this cluster SNE, compound ascidians and crustaceans, also occurred in the Beagle Channel. Another reason not to assume a distinct benthic composition for the Beagle Channel is the fact that the six stations directly in front of and inside the Seno Garibaldi belonged to three different clusters.
All stations close to the shore and those exposed to the open oceans, e.g. at the eastern and western entrance of the Beagle Channel, belonged to the clusters S and SNE which are also represented inside the entire channel system. Thus, apparently, shallow sills especially in the northeastern part of the Straits of Magellan (<50m) do not seem to be a barrier for shallow benthic assemblages, as speculated by Stuardo (1964) . On the other hand the two deeper clusters DE 1 and DE 2 from which the offshore stations of cluster OS differed considerably were restricted to the channel system. However, areas close to the shore of comparable depth (100-300m) were not studied by the imaging method.
The benthos inside the channel system did not reveal a greater affinity either to an Atlantic or a Pacific faunistic province or district. This finding is in accordance with a number of zoogeographical classifications summarized by Brattström and Johanssen (1983) ; e.g. Ekman (1953) described that "At Tierra del Fuego the south Chilean fauna continues immediately into the Patagonian Atlantic fauna which exhibits great similarity with the fauna of the Falklands...". Hedgpeth (1969) came to a similar classification. He established for the entire coastal area from 43°to 57°S the Magellan Province belonging to the Subantarctic region. North of this area Balech (1954) , Knox (1960) and Stuardo and Valdovinos (1992) distinguished a Central Chilean and an Argentinian Province. The two latter authors also identified various districts within the Magellan Province (which would seem to be partly in contrast 168 J. GUTT et al. (Shannon) 2.2 1.6-2.5 0.6 3.5
to Stuardo (1964) and our results), however, not in the channel system and the southern offshore area referred to in this paper. A comparison between our findings and those from other regions of the world ocean (Table 5) is only possible if the studies are based on a similar scientific approach, and if geomorphological characteristics as well as the methods are comparable. Our results from the Subantarctic offshore shelf can best be compared with those of Gutt and Starmans (in press ) from the high Antarctic Weddell and Lazarev Seas' shelf and two stations of Meyer and Piepenburg (1996) on the northeastern Greenlandic shelf and shelf edge. Despite the extremely varying sampling effort we come to a few general conclusions: In the high Antarctic echinoderms and bryozoans seem to play a more important role in terms of relative abundance at ecologically comparable sampling sites whereas bivalves and sponges were more dominant at the Magellan off-shore stations. Absolute abundances and numbers of taxa can be higher in the Weddell and Lazarev Seas, diversities were found to be similar in the Antarctic and the Magellan region. The fauna off northeastern Greenland seems to be extremely heteogeneous. One station was poor in the number of taxa, and was totally dominated by a dense concentration of polychaetes. A second station was very diverse and had some important taxa which were also dominant in the Magellan region and in the high Antarctic, e.g. ophiuroids, polychaetes, and sponges. A more detailed comparison demands more conformity in the choice of sampling sites and criteria of the analyses.
Summarizing, megabenthic epifaunal communities in the Magellan region exhibit a distinctly patchy distribution which seems to be determined rather by specific medium-scale environmental conditions than by large-scale regional differences.
